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$%675$&7

:H SUHVHQW DQ DXWRPDWHG PHWKRG RI VSDWLDOO\ GHWDLOHG '
DV\PPHWU\ TXDQWLILFDWLRQ LQ PDQGLEOHV H[WUDFWHG IURP &7
DQGDSSO\LWWRDSRSXODWLRQRILQIDQWVZLWKXQLODWHUDOFRURQDO
V\QRVWRVLV 8&6 $Q DWODVEDVHG PHWKRG HPSOR\LQJ QRQ
ULJLG UHJLVWUDWLRQ RI VXUIDFHV LV XVHG IRU GHWHUPLQLQJ
GHIRUPDWLRQ ILHOGV WKHUHE\HVWDEOLVKLQJGHWDLOHGDQDWRPLFDO
SRLQW FRUUHVSRQGHQFH EHWZHHQ VXEMHFWV DV ZHOO DV EHWZHHQ
SRLQWV RQ WKH OHIW DQG ULJKW VLGH RI WKH PLGVDJLWWDO SODQH
063$V\PPHWU\LVGHILQHGLQWHUPVRIWKHYHFWRUEHWZHHQ
D SRLQW DQG WKH FRUUHVSRQGLQJ DQDWRPLFDO SRLQW RQ WKH
RSSRVLWH VLGH RI WKH 063 DIWHU PLUURULQJ WKH PDQGLEOH
DFURVV WKH 063 $ SULQFLSDO FRPSRQHQWV DQDO\VLV RI
DV\PPHWU\ FKDUDFWHUL]HV WKH PDMRU W\SHV RI DV\PPHWU\ LQ
WKH SRSXODWLRQ DQG VXFFHVVIXOO\ VHSDUDWHV WKH DV\PPHWULF
8&6 PDQGLEOHV IURP D QXPEHU RI OHVV DV\PPHWULF
PDQGLEOHVIURPDFRQWUROSRSXODWLRQ

,QGH[ 7HUPV² $V\PPHWU\ QRQULJLG UHJLVWUDWLRQ
DWODVEDVHG PHWKRGV FUDQLRIDFLDO PDOIRUPDWLRQV XQLODWHUDO
FRURQDOV\QRVWRVLV

,1752'8&7,21

&UDQLDO DQG IDFLDO DV\PPHWU\ LV D FKDUDFWHULVWLF RI PDQ\
FRQJHQLWDO DQG DFTXLUHG FUDQLRIDFLDO PDOIRUPDWLRQV DQG
GHWHUPLQDWLRQ RI DPRXQW ORFDOL]DWLRQ DQG VSDWLDO H[WHQW RI
DV\PPHWU\ LV LPSRUWDQW LQ WKH FRQWH[WV RI GLIIHUHQWLDO
GLDJQRVWLFV DV ZHOO DV HYDOXDWLRQ RI GLVHDVH DQG WUHDWPHQW
SURJUHVVLRQ ,Q VRPH FUDQLRIDFLDO PDOIRUPDWLRQV WKH
PDQGLEOH SUHVHQWV ZLWK DQ DV\PPHWU\ WKDW QHHGV WR EH
TXDQWLILHG DQG VRPHWLPHV VXUJLFDOO\ FRUUHFWHG ,Q
LQGLYLGXDOVZLWKXQLODWHUDOFRURQDO V\QRVWRVLV 8&6RQHRI
WKH FRURQDO VXWXUHV LV SUHPDWXUHO\ IXVHG OHDGLQJ WR D
FRPSHQVDWRU\ DV\PPHWULF JURZWK RI WKH VNXOO WKDW DOVR
DIIHFWV WKHPDQGLEOH 8&6 DV\PPHWU\ KDV SUHYLRXVO\ EHHQ
DVVHVVHGXVLQJPHWKRGVEDVHGRQPDQXDOSRLQWODQGPDUNLQJ
HJ LQ >@ 5HFHQWO\ ZH KDYH GHYHORSHG PHWKRGV IRU
DV\PPHWU\ TXDQWLILFDWLRQ WKDW SURYLGH VSDWLDOO\ GHQVH
DV\PPHWU\YDOXHV DFURVV VRIW WLVVXHKHDG DQG IDFH VXUIDFHV
REWDLQHGLQVXUIDFHVFDQQHUV>@7KHVHPHWKRGVDUHEDVHG
RQQRQULJLGUHJLVWUDWLRQRIDIXOO\V\PPHWULFKHDGRUIDFH
WHPSODWH WR HDFK LQGLYLGXDO WKHUHE\ WUDQVIHUULQJ WKH
NQRZOHGJH RI OHIWULJKW DQDWRPLFDO FRUUHVSRQGHQFH LQ WKH
WHPSODWH WR WKH LQGLYLGXDOV 7KH QRQULJLG UHJLVWUDWLRQ LV
EDVHG RQ PDQXDO SRLQWODQGPDUNLQJ DQG WKLQSODWHVSOLQH
736 GHIRUPDWLRQ IROORZHG E\ FORVHVW SRLQW GHIRUPDWLRQ
&3' LQVSLUHGE\ >@7KHVHPHWKRGVRIWHQ IDLOKRZHYHU
ZKHQDSSOLHGWRWKHPRUHFRPSOH[DQDWRP\RIWKHPDQGLEOH
GXHWRLQFRUUHFWPDWFKHVE\WKHVLPSOH&3'7KHSUREOHPV
DUH DYRLGHG XVLQJ IUHHIRUP GHIRUPDWLRQ PHWKRGV >@:H
KDYH SUHYLRXVO\ GHYHORSHG VXFK FRPSXWDWLRQDO DWODVEDVHG
PHWKRGV WKDW DXWRPDWLFDOO\ GHWHUPLQH GHIRUPDWLRQ ILHOGV LQ
LPDJHV RI FUDQLRIDFLDO DQDWRP\ >@ DQG XVHG WKHVH IRU
DV\PPHWU\ TXDQWLILFDWLRQ >@ 7KH PHWKRGV KDYH EHHQ
DSSOLHG ZLWK VXFFHVV WR LPDJHV RI DQDWRP\ LQFOXGLQJ WKH
8&6PDQGLEOH,QWKHSUHVHQWVWXG\ZHDSSO\DQGYDOLGDWHD
VXUIDFH EDVHG YHUVLRQ RI WKH QRQULJLG UHJLVWUDWLRQ PHWKRG
>@ 7KH SUHVHQW VWXG\ FRQWULEXWHV WKUHH QRYHO DGGLWLRQV WR
WKH PHWKRGRORJ\  $XWRPDWHG GHWHUPLQDWLRQ RI SRLQW
FRUUHVSRQGHQFHV IRU WKHPDQGLEOHE\XVHRI%VSOLQHEDVHG
QRQULJLG VXUIDFH UHJLVWUDWLRQ  $XWRPDWHG ULJLG
UHJLVWUDWLRQ WR DQ DQDWRPLFDO FRRUGLQDWH V\VWHP DQG 
6FDOHLQYDULDQW GHILQLWLRQ RI DV\PPHWU\ 7KH PHWKRG LV
DSSOLHG WR 8&6 PDQGLEOHV ZLWK YDU\LQJ DPRXQW RI
DV\PPHWU\ DV ZHOO DV WR D FRQWURO SRSXODWLRQ ZLWK $SHUW
V\QGURPHZKLFKKDYHXQDIIHFWHGQHDUO\QRUPDOPDQGLEOHV
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0$7(5,$/

7KH PDWHULDO FRQVLVWHG RI SRO\JRQDO VXUIDFH PRGHOV RI
PDQGLEOHV H[WUDFWHG IURP SUHRSHUDWLYH &7 VFDQV RI 
LQIDQWVZLWK8&6 PHDQDJHPRQWKV UDQJHPRQWKV
DQG  LQIDQWV ZLWK $SHUW V\QGURPH PHDQ DJH  PRQWKV
UDQJH  PRQWKV &7 VFDQV KDG EHHQ REWDLQHG IRU
WUHDWPHQW SXUSRVHV DW WKH 8QLYHUVLW\ +RVSLWDOV RI
&RSHQKDJHQDQGcUKXVUHVSHFWLYHO\

0(7+2'6

%HIRUHDSSOLFDWLRQRIWKHPHWKRG&7GDWDKDGEHHQRULHQWHG
DFFRUGLQJ WR D VWDQGDUG KHDG RULHQWDWLRQ XVLQJ WKH PLG
VDJLWWDOSODQH063DQGWKH)UDQNIRUWKRUL]RQWDOSODQHVHH
HJ>@)XUWKHUPRUHWKHPDQGLEOHVKDGEHHQVHJPHQWHGLQ
WKH&7 LPDJHGDWDDQGVXUIDFH UHSUHVHQWDWLRQVFUHDWHG)RU
YDOLGDWLRQ SXUSRVHV  RI WKH PDQGLEOHV ZHUH PDQXDOO\
ODQGPDUNHGZLWK  ODQGPDUNV E\ WZR GLIIHUHQW REVHUYHUV
0DQGLEOHV RI VXEMHFWV ZLWK 8&6 KDG EHHQPLUURUHGZKHQ
QHFHVVDU\LQRUGHUWRKDYHWKHG\VPRUSKRORJ\RQWKHVDPH
ULJKWVLGH

7KHPHWKRGFRQVLVWHGRIWKHIROORZLQJHLJKWPDLQVWHSV

&UHDWLRQRIDQLQLWLDOV\PPHWULFWHPSODWHPDQGLEOH
2QH RI WKH PDQGLEOHV ZHUH VHOHFWHG DQG GHIRUPHG WR DQ
DYHUDJHODQGPDUNFRQILJXUDWLRQE\XVHRI736$V\PPHWULF
WHPSODWH PDQGLEOH ZDV FUHDWHG E\ FXWWLQJ WKH UHVXOWLQJ
PDQGLEOH DW WKH PLGOLQH V\PSK\VLV GLVFDUGLQJ RQH VLGH
PLUURULQJ WKH RWKHU VLGH DQG ILQDOO\ VWLWFKLQJ WKHPLUURUHG
DQGRULJLQDOVLGHVWRJHWKHU

$OLJQPHQWRIHDFKLQGLYLGXDOPDQGLEOHWRWKHWHPSODWH
7KLV ZDV FDUULHG RXW E\ WUDQVODWLQJ WKH FHQWHURIJUDYLW\
FRJRIWKHLQGLYLGXDOWRWKHFRJRIWKHWHPSODWH

&UHDWLRQRIDQDYHUDJHV\PPHWULFDWODVPDQGLEOH
)RU HDFK RI WKH PDQGLEOHV WKH V\PPHWULF WHPSODWH ZDV
GHIRUPHGWRWKHLQGLYLGXDOPDQGLEOHE\%VSOLQHEDVHGQRQ
ULJLG VXUIDFH UHJLVWUDWLRQ PLQLPL]LQJ WKH VTXDUHG GLVWDQFHV
EHWZHHQ WKH VXUIDFHV >@ LPSOHPHQWHG LQ WKH ,PDJH
5HJLVWUDWLRQ 7RRONLW ZZZGRFLFDFXNGUVRIWZDUH 7KH
GHIRUPHG WHPSODWH ZDV NHSW DV D UHSUHVHQWDWLRQ RI WKH
LQGLYLGXDOPDQGLEOHIRUWKHIXUWKHUDQDO\VLV,QWKLVZD\DOO
PDQGLEOHV LQKHULWHG WKHSRO\JRQDOPHVKFRQQHFWLYLW\RI WKH
WHPSODWHDQGDSRSXODWLRQPHDQPDQGLEOHFRXOGEHFUHDWHG
E\VLPSOHSRLQWZLVHDYHUDJLQJ

%LDVUHGXFWLRQ
,Q RUGHU WR UHGXFH ELDV >@ WRZDUGV WKH VKDSH RI WKH VLQJOH
PDQGLEOHXVHGIRUWKHWHPSODWHFUHDWLRQVWHSVDQGZHUH
UHSHDWHG ZLWK WKH V\PPHWULF WHPSODWH UHSODFHG E\ WKH
DYHUDJHV\PPHWULFDWODVFUHDWHGLQVWHS

/DQGPDUNLQJDQGVHJPHQWDWLRQRIWKHDWODV
7KH DWODV ZDV ODQGPDUNHG ZLWK  DQDWRPLFDO SRLQW
ODQGPDUNVDQGWKHDOYHROXVWRRWKUHJLRQZDVVHJPHQWHG

$OLJQPHQWDFFRUGLQJWRDQDWRPLFDOFRRUGLQDWHV\VWHP
7R IDFLOLWDWH LQWHUSUHWDWLRQ RI FDOFXODWHG DV\PPHWU\ WKH
QRUPDO OHIW VLGH RI WKH PDQGLEOH LQ VXEMHFWV ZLWK 8&6
ZDV ULJLGO\ UHJLVWHUHG WR WKH OHIW VLGHRI WKH DWODVPDQGLEOH
XVLQJWKHLWHUDWHGFORVHVWSRLQW,&3DOJRULWKP3ULRUWR,&3
WUDQVIRUPDWLRQVRPHRIWKHODQGPDUNVSODFHGLQWKHDWODVLQ
VWHS  ZHUH DXWRPDWLFDOO\ WUDQVIHUUHG WR WKH LQGLYLGXDO
PDQGLEOH DQG XVHG IRU LQLWLDO DOLJQPHQW DV ZHOO DV IRU
DQLVRWURSLF VFDOLQJ RI WKH WHPSODWH WR HDFK LQGLYLGXDO
PDQGLEOH7KHVFDOLQJZDVVHHQWREHLPSRUWDQWIRUWKH,&3
WRSURYLGHSODXVLEOHUHJLVWUDWLRQV

4XDQWLILFDWLRQRIDV\PPHWU\LQHDFKLQGLYLGXDO
7KHDV\PPHWU\DWDSRLQW3RQWKHOHIWVLGHRIWKH063ZDV
GHWHUPLQHGLQWHUPVRIWKH'YHFWRU$)LJXUH

)LJ6FKHPDWLF
LOOXVWUDWLRQ RI D
V\PPHWU\ TXDQWL
ILFDWLRQ LQ DQ
DV\PPHWULF PDQ
GLEOH WKH PDQ
GLEOH ZLWK GDUN
JUD\ VKDGLQJ LQ
WKH ILJXUH 7KH
DV\PPHWU\ YHFWRU
$LVGHILQHGDVWKH
YHFWRUEHWZHHQ WKHSRLQWV3 DQG3¶PLUU3PDUNV DSRLQWRQ
RQH VLGH RI WKH PDQGLEOH 3¶ PDUNV WKH DQDWRPLFDOO\
FRUUHVSRQGLQJ SRLQW RQ WKH RWKHU VLGH  7KH OLJKW VKDGHG
PDQGLEOH LV WKH VDPH PDQGLEOH DIWHU LW KDV EHHQ PLUURUHG
DFURVVWKHPLGVDJLWWDOSODQH3¶PLUUPDUNVWKHORFDWLRQRI3¶
DIWHUWKHPLUURULQJ

)RUPDOO\ WKH DPRXQW RU PDJQLWXGH RI DV\PPHWU\ ZDV
GHILQHG DV$P   __$__ ā I ZKHUH __ __ GHQRWHV WKH (XFOLGLDQ
QRUP DQG I   6L6DWODV LV D VFDOH IDFWRU FRUUHFWLQJ IRU
GLIIHUHQFHV LQPDQGLEOHVL]HDPRQJLQGLYLGXDOV6LDQG6DWODV
EHLQJ WKH FHQWURLG VL]H RI DQ LQGLYLGXDO PDQGLEOH DQG WKH
DWODV PDQGLEOH UHVSHFWLYHO\ 7KH VFDOH IDFWRU I ZDV
LQWURGXFHG DV LW PD\ EH REVHUYHG WKDW WKH YHFWRU$ VFDOHV
SURSRUWLRQDWHO\ZLWKPDQGLEXODUVL]H,QWXLWLYHO\DV\PPHWU\
VKRXOG EH LGHQWLFDO LQ WZR GLIIHUHQW PDQGLEOHV KDYLQJ WKH
VDPH VKDSH EXW GLIIHULQJ VL]H HJ D FKLOG¶V DQG DQ DGXOW¶V
PDQGLEOHUHVSHFWLYHO\ISURYLGHVDQRUPDOL]DWLRQVXFKWKDW
WKH DV\PPHWU\ EHFRPHV LQYDULDQW WR VL]H 7KH WKUHH
&DUWHVLDQ YHFWRU FRPSRQHQWV RI$ SURYLGH WKH DPRXQW RI
DV\PPHWU\ LQ WKH WUDQVYHUVH W YHUWLFDO YDQGVDJLWWDO V
GLUHFWLRQV UHVSHFWLYHO\$W FRPS[$ ā I $Y FRPS\$ā I
$V FRPS]$āI

417
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&RQVWUXFWLRQRIVWDWLVWLFDOPRGHOVRIDV\PPHWU\
3ULQFLSDO FRPSRQHQWV DQDO\VLV DV LQ >@ZDV DSSOLHG WR WKH
DV\PPHWU\ YHFWRUV LQ HDFK RI WKH WKUHH GLUHFWLRQV
UHVSHFWLYHO\ SURYLGLQJ WKHPDMRUPRGHVRIYDULDWLRQ LQ WKH
SRSXODWLRQ XQGHU VWXG\ 7KH UHJLRQ FRQWDLQLQJ WHHWK
VHJPHQWHGLQVWHSZDVH[FOXGHGIURPWKHDQDO\VLVGXHWR
WKH YDULDEOH DPRXQW RI WRRWK HUXSWLRQ EHWZHHQ LQGLYLGXDOV
$OVR D PHDQPDQGLEOH ZDV FUHDWHG IRU WKH SRSXODWLRQ DV
ZHOO DV IRU WKH WZR VXESRSXODWLRQV 8&6 DQG $SHUW
V\QGURPHUHVSHFWLYHO\

5(68/76

7KHQRQULJLGUHJLVWUDWLRQZDVYDOLGDWHGLQWZRZD\V
 7KH DELOLW\ RI WKH DWODV WR DFKLHYH WKH VKDSH RI WKH
LQGLYLGXDOPDQGLEOHZDVGHWHUPLQHGE\IRUHDFKSRLQWLQWKH
GHIRUPHG WHPSODWHFDOFXODWLQJ WKHFORVHVWSRLQWGLVWDQFH WR
WKHRULJLQDO LQGLYLGXDOVKDSHDQGILQDOO\DYHUDJLQJRYHUDOO
LQGLYLGXDOV )LJXUH  7KH VSDWLDOO\ DYHUDJHG PHDQ HUURU
ZDV IRXQG WR EH  PP 0HDQ HUURUV RI XS WR  PP
RFFXUUHGLQWKHDOYHRODUDUHDFRQWDLQLQJWHHWK
7KHXVHRI FORVHVW SRLQW GLVWDQFHV IRUYDOLGDWLRQGLGQRW
QHFHVVDULO\ UHYHDO WKHDELOLW\RI WKHPHWKRG WRPDWFK LQ WKH
DQDWRPLFDO VHQVH 7KHUHIRUH D ODQGPDUN EDVHG YDOLGDWLRQ
ZDV FDUULHG RXW FRPSDULQJ WKH DXWRPDWLFDOO\ GHWHUPLQHG
ODQGPDUNORFDWLRQVZLWKPDQXDOO\SODFHGODQGPDUNVLQHDFK
LQGLYLGXDO PDQGLEOH 7KH UHVXOW LV GHSLFWHG LQ )LJXUH 
DORQJVLGH DQ LQWHUREVHUYHU ODQGPDUNLQJ HUURU IRU
FRPSDULVRQ506HUURUYDULHGIURPOHVVWKDQPPWRPP
GHSHQGLQJRQ WKH ODQGPDUNDQGRQDYHUDJH WKHHUURUZDV
WLPHVODUJHUWKDQWKHLQWHUREVHUYHUHUURU

0HDQ VKDSHV IRU WKH 8&6 DQG $SHUW SRSXODWLRQV
UHVSHFWLYHO\ FRORU FRGHG DFFRUGLQJ WRPHDQ DV\PPHWU\ RI
WKHUHVSHFWLYHJURXSVDUHVKRZQLQ)LJXUH

)LJXUHVKRZVWKHILUVW WZR3&$PRGHVIRUWUDQVYHUVHDQG
YHUWLFDODV\PPHWU\UHVSHFWLYHO\LQPRGHOVFRQWDLQLQJ8&6
LQGLYLGXDOV DORQH )RU WKH WUDQVYHUVH DV\PPHWU\ WKH ILUVW
WZRPRGHVFDSWXUHGDQGRIWKHYDULDWLRQLQWKHGDWD
FRUUHVSRQGLQJWRDGHYLDWLRQRIWKHUDPXVWRZDUGVWKH063
DQG D YDULDWLRQ RI FXUYDWXUH DORQJ WKH HQWLUH OHQJWK RI WKH
PDQGLEOH UHVSHFWLYHO\)RUWKHYHUWLFDODV\PPHWU\WKHILUVW
WZR PRGHV FDSWXUHG  DQG  RI WKH YDULDWLRQ
FRUUHVSRQGLQJ WR D YHUWLFDO EHQGLQJGLVSODFHPHQW RI WKH
ZKROHPDQGLEOHDQGRIWKHFRQG\OHUHVSHFWLYHO\

)LJXUH  VKRZV D SORW RI 3&  IRU WKH YHUWLFDO DV\PPHWU\
YHUVXV 3&  IRU WKH WUDQVYHUVH DV\PPHWU\ LQ D PRGHO
FRQWDLQLQJPDQGLEOHV IURP ERWK8&6 DQG$SHUW V\QGURPH
LQGLYLGXDOV DQG GHPRQVWUDWHV WKH DELOLW\ RI WKH PRGHO WR
GLVFULPLQDWH EHWZHHQ WKH WZR SRSXODWLRQV EDVHG RQ
DV\PPHWU\



)LJ  0HDQ
FORVHVW SRLQW
GLVWDQFH EHWZHHQ
HVWLPDWHG DQG
WUXHVKDSHVFRORU
FRGHG RQWR PHDQ
8&6 VKDSHV VHHQ
LQ WRS OHIW DQG
ERWWRP ULJKW
YLHZV

)LJ  /DQGPDUN
EDVHG YDOLGDWLRQ
506 HUURU RI
QRQULJLG
UHJLVWUDWLRQEODFN
FROXPQV LV
VKRZQ QH[W WR
LQWHU REVHUYHU
506 HUURU JUD\
FROXPQV IRU 
ODQGPDUNV

)LJ  0HDQ
DV\PPHWU\IRUWKH
8&6 DQG $SHUW
SRSXODWLRQVFRORU
FRGHG RQWR WKH
UHVSHFWLYH PHDQ
VKDSHV VHHQ LQ
ERWWRPDQGODWHUDO
YLHZV 1RUPDO
OHIW VLGH RI WKH
PDQGLEOH KDV E\
GHILQLWLRQ QR
DV\PPHWU\ DQG LV
VKRZQLQZKLWH

)LJ  3&$
PRGHV LQDPRGHO
RI DV\PPHWU\
FRQWDLQLQJ 8&6
PDQGLEOHV&RORUV
GHSLFW DGHYLDWLRQ
RI  VWDQGDUG
GHYLDWLRQV LQ PP
IURP WKH PHDQ
DV\PPHWU\ %ODFN
DQGZKLWHLQGLFDWH
GHYLDWLRQVLQRSS
RVLWH GLUHFWLRQV LQ
WKH GLUHFWLRQV DV
LQGLFDWHG

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)LJ3&$VFRUHSORW VKRZLQJ3&RIYHUWLFDODV\PPHWU\
YHUVXV 3& RI WUDQVYHUVH DV\PPHWU\ 6TXDUHV DQG ILOOHG
FLUFOHV UHSUHVHQW 8&6 DQG $SHUW LQGLYLGXDOV UHVSHFWLYHO\
/HDVW DPRXQW RI DV\PPHWU\ LV IRXQG LQ VXEMHFWV ORFDWHG LQ
WKHORZHUOHIWFRUQHURIWKHGLDJUDP

',6&866,21$1'&21&/86,21

7KH YDOLGDWLRQ UHVXOWV GHPRQVWUDWHG WKDW WKH QRQULJLG
VXUIDFH UHJLVWUDWLRQ SHUIRUPHG UREXVWO\ DQG ZLWK VXIILFLHQW
DFFXUDF\ IRU TXDQWLILFDWLRQ RI PDQGLEXODU VKDSH DQG
DV\PPHWU\ 7KH PHWKRG ZDV DEOH WR SURYLGH GHWDLOHG
DV\PPHWU\ PDSV IRU LQGLYLGXDO PDQGLEOHV WKDW FRUUHODWHG
ZHOO ZLWK YLVXDO DVVHVVPHQW RI DV\PPHWU\ 6LJQLILFDQW
GLIIHUHQFHVLQPHDQVKDSHDQGDV\PPHWU\EHWZHHQ8&6DQG
$SHUWV\QGURPHPDQGLEOHVZHUHGHPRQVWUDWHGDOWKRXJKLQD
OLPLWHGVDPSOHRIVXEMHFWV

6LQFH WKH PDOIRUPDWLRQ LQ 8&6 SUHGRPLQDQWO\ DIIHFWV RQH
VLGH RI WKH PDQGLEOH WKH XVH RI DQ DQDWRPLFDO FRRUGLQDWH
V\VWHPZKHUH DV\PPHWU\RQ WKHQRUPDO VLGH LVPLQLPL]HG
RIIHUV DQ DOWHUQDWLYH DQG SHUKDSV PRUH LQWXLWLYHO\
LQWHUSUHWDEOH VROXWLRQ FRPSDUHG WR WKH PDWKHPDWLFDO
FRRUGLQDWHV\VWHPXVHGLQHJ>@

6WDWLVWLFDO DQDO\VLV RI WKH DV\PPHWU\ E\ 3&$ UHYHDOHG
LQWXLWLYHO\ LQWHUSUHWDEOH PRGHV RI YDULDWLRQ DQG FRUUHFWO\
FODVVLILHG WKH8&6 DQG$SHUWPDQGLEOHV DV KLJK DQG ORZ
DV\PPHWU\PDQGLEOHV UHVSHFWLYHO\7KHVFDOHLQYDULDQFHRI
WKH DV\PPHWU\ GHILQLWLRQ PDGH LW SRVVLEOH WR FRPSDUH WKH
PDQGLEXODUDV\PPHWU\RILQGLYLGXDOVDFURVVDUDQJHRIDJHV
DQG ZDV WKXV D SUHUHTXLVLWH IRU WKH FRQVWUXFWLRQ RI DQ
LQWHUSUHWDEOHVWDWLVWLFDOPRGHORIDV\PPHWU\

$SSOLFDWLRQVRIPDQGLEXODUDV\PPHWU\DVVHVVPHQWFRXOGEH
IRXQG LQ DUHDV VXFK DV PD[LOORIDFLDO VXUJHU\ FOLQLFDO
JHQHWLFVDQGDQDWRP\

$FNQRZOHGJHPHQWV
)RU DOO QRQULJLG VXUIDFH UHJLVWUDWLRQV WKH ,PDJH
5HJLVWUDWLRQ 7RRONLW KWWSZZZGRFLFDFXNGUVRIWZDUH
ZDV XVHG XQGHU /LFHQVH IURP ,[LFR /WG )RU DOO VXUIDFH
YLVXDOL]DWLRQVODQGPDUNLQJ,&3WUDQVIRUPDWLRQVDQGFORVHVW
SRLQWFDOFXODWLRQVWKH97.EDVHGVRIWZDUHODQGPDUNHU>@
ZDVXVHGKWWSZZZODEGRGRQWNXGNODQGPDUNHU

5()(5(1&(6

>@ .HOOHU 0 +HUPDQQ 19 'DUYDQQ 7$ /DUVHQ 3 +RYH +
&KULVWHQVHQ / 6FKZDUW] 0 0DUVK - .UHLERUJ 6 &UDQLRIDFLDO
PRUSKRORJ\LQ0XHQNHV\QGURPH-&UDQLRIDF6XUJ


>@/DQFKH6'DUYDQQ7$ÏODIVGyWWLU++HUPDQQ199DQ3HOW
$(*RYLHU' 7HQHQEDXP0-1DLGRR 6/DUVHQ3.UHLERUJ6
/DUVHQ 5 .DQH $$ $ VWDWLVWLFDO PRGHO RI KHDG DV\PPHWU\ LQ
LQIDQWVZLWKGHIRUPDWLRQDOSODJLRFHSKDO\,Q(UVE¡OO%.3HGHUVHQ
.6(GV,PDJH$QDO\VLV6SULQJHU9HUODJ%HUOLQ/HFWXUH1RWHV
LQ&RPSXWHU6FLHQFH

>@'DUYDQQ7$ÏODIVGyWWLU++HUPDQQ19/DUVHQ3/DQFKH6
/DUVHQ5(UVE¡OO%.*RYLHU'9DQ3HOW$(.DQH$$+DQVHQ
,9.UHLERUJ62QWKHPHDVXUHPHQWRIFUDQLRIDFLDODV\PPHWU\,Q
7DNDGD..UHLERUJ6HGLWRUV,Q6LOLFR'HQWLVWU\7KH(YROXWLRQ
RI &RPSXWDWLRQDO 2UDO +HDOWK 6FLHQFH 2VDND -DSDQ 0HGLJLW
S

>@ +XWWRQ 7 %X[WRQ %) +DPPRQG 3 3RWWV +: (VWLPDWLQJ
DYHUDJHJURZWKWUDMHFWRULHVLQVKDSHVSDFHXVLQJNHUQHOVPRRWKLQJ
,(((7UDQV0HG,PDJLQJ

>@5XHFNHUW')UDQJL$)6FKQDEHO-$$XWRPDWLFFRQVWUXFWLRQRI
' VWDWLVWLFDO GHIRUPDWLRQ PRGHOV RI WKH EUDLQ XVLQJ QRQULJLG
UHJLVWUDWLRQ,(((7UDQVRQ0HGLFDO,PDJLQJ±

>@ ÏODIVGyWWLU + 'DUYDQQ 7$ +HUPDQQ 19 2XEHO ( (UVE¡OO
%.)UDQJL$)/DUVHQ33HUO\Q&$0RUULVV.D\*0.UHLERUJ
6&RPSXWDWLRQDOPRXVHDWODVHVDQGWKHLUDSSOLFDWLRQWRDXWRPDWLF
DVVHVVPHQWRIFUDQLRIDFLDOG\VPRUSKRORJ\FDXVHGE\ WKH&URX]RQ
PXWDWLRQ)JIU&<-$QDW

>@ÏODIVGyWWLU+/DQFKH6'DUYDQQ7$+HUPDQQ19/DUVHQ5
(UVE¡OO %. 2XEHO ( )UDQJL$) /DUVHQ3 3HUO\Q&$0RUULVV
.D\ *0 .UHLERUJ 6 $ SRLQWZLVH TXDQWLILFDWLRQ RI DV\PPHWU\
XVLQJ GHIRUPDWLRQ ILHOGV DSSOLFDWLRQ WR WKH VWXG\ RI WKH&URX]RQ
PRXVHPRGHO0HG,PDJH&RPSXW&RPSXW$VVLVW ,QWHUYS


>@ ÏODIVGyWWLU + $QDO\VLV RI &UDQLRIDFLDO ,PDJHV XVLQJ
&RPSXWDWLRQDO $WODVHV DQG 'HIRUPDWLRQ )LHOGV 3K' 7KHVLV
7HFKQLFDO8QLYHUVLW\RI'HQPDUN

>@6]HOLVNL5/DYDOOpH60DWFKLQJ'DQDWRPLFDOVXUIDFHVZLWK
QRQULJLGGHIRUPDWLRQVXVLQJRFWUHHVSOLQHV,QW-&RPSXWHU9LVLRQ


>@'DUYDQQ7$/DQGPDUNHU$97.EDVHGWRROIRUODQGPDUNLQJ
RISRO\JRQDOVXUIDFHV,Q7DNDGD..UHLERUJ6HGLWRUV,Q6LOLFR
'HQWLVWU\ 7KH(YROXWLRQRI&RPSXWDWLRQDO2UDO+HDOWK6FLHQFH
2VDND-DSDQ0HGLJLWS
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